Background: A single stage bilateral total hip arthroplasty (BTHA) utilizing the direct anterior approach (DDA) has been reported to have a similar incidence of perioperative complications as unilateral total hip arthroplasty (THA). However, previous studies have included various surgeons with differences in contraindications, protocol, technique and/or experience.
unilateral THA patients, three requiring revision, and nine BTHA patients, three requiring revision.
Conclusions: There was no difference in complications, as well as no perioperative mortalities or systemic complications, within 90 days following surgery between unilateral and bilateral patients. Based on these results, single-stage DAA BTHA is a safe procedure to perform, and did not appear to result in higher rates of complications when compared to patients receiving a DAA unilateral THA.
Background
Total hip arthroplasty (THA) is commonly performed for the treatment of osteoarthritis, with previous research citing good clinical outcomes and survivorship, as well as consistently high patient satisfaction outcomes. These positive outcomes have increased with the introduction of the minimally invasive direct anterior approach (DAA), providing shorter recovery time, improved pain control and increased functional scores following surgery. However, previous research has reported up to 25% of patients undergoing THA for the treatment of osteoarthritis will re- quire a contralateral THA [1, 2] , with 10% of those patients having met the criteria for bilateral THA (BTHA) at initial presentation [3, 4] . A two-stage THA, in which two unilateral surgical procedures are performed, has historically been preferred due to the decreased risk of single event large blood loss, venous thromboembolic events and delays in recovery time [5] . However, current research supports the use of onestage BTHA, in which the surgical procedure is performed under one anesthetic event, reporting shorter operating times and potentially more symmetrical post-operative limb lengths [6] [7] [8] [9] [10] . Additionally, single-stage BTHA patients have previously been reported to have faster recovery time, with improved hip flexion and performance in activities of daily living [11] .
Previous research evaluating the single-stage BTHA utilizing a DAA has reported low incidence of perioperative complications and rates of transfusions [12, 13] . When comparing unilateral DAA THA and one-stage DAA BTHA, no differences were reported in perioperative complications, length of stay and discharge disposition [14] . However, sample sizes were small and data was pooled from various surgeons with differences in contraindications, protocol, technique and/or experience. The purpose of this retrospective review was to compare perioperative outcomes in single-stage DAA BTHA and unilateral DAA THA performed by a single, fellowship trained, high volume arthroplasty surgeon at a single multispecialty community institution.
Materials and Methods
This institutional review board approved study was a retrospective chart review of DAA THAs performed by a single, fellowship trained arthroplasty surgeon. Consecutive single-stage DAA BTHA performed between 2009 and 2017 were evaluated and compared to consecutive unilateral THAs performed between 2014 and 2016. For both groups, inclusion criteria for this review was all elective THAs performed for radiographic and clinical evidence of symptomatic hip osteoarthritis, rheumatoid arthritis or avascular necrosis in one or both hips. Patients with severe congenital deformity or dysplasia were not excluded. Patients undergoing THA for femoral neck fractures were excluded. A total of 349 patients (531 hips) were included, consisting of 182 BTHA patients (364 hips) and 167 unilateral THA patients. Demographic information for both groups is presented in Table 1 .
All patients received a cementless total hip replacement performed through a direct anterior approach as described by Matta et al. [15, 16] using a specialized fracture table (Hana®, Mizuho OSI, Union City, CA) and intraoperative fluoroscopy. For single-stage BTHA, the left hip was usually performed first. Patients received either general anesthesia, spinal anesthesia or a paravertebral block at the discretion of the attending anesthesiologist. All patients received an intraarticular injection mixture of Ropivicaine, Toradol and epinephrine in the amount appropriate for their weight as determined by the anesthesiologist. All All patients had physical therapy initiated on the day of surgery and twice daily while hospitalized. Immediate full, unrestricted weight bearing was allowed. Patients did not have hip precautions and were specifically educated before surgery that they could perform any hip motions that they felt safe and comfortable to do at any time following surgery. Decision on time of discharge and disposition were made as a team (which included the physical therapist) and was dependent on the physical performance and ability to safely and independently perform activities of daily living and stair negotiation. Discharge to home, acute inpatient rehabilitation or skilled nursing level transfer was decided based on the functional abilities of the patient following surgery.
Patients were seen two weeks following surgery to assess wound healing, then at six weeks, three months, six months, one year and two years following surgery with plans for follow up every five years thereafter. Immediately following surgery, patients had supine anteroposterior radiographs taken in the recovery bay. Weight bearing anteroposterior pelvis radiographs as well as frog leg lateral views were taken at the six week visit. Repeat films were done at the six month evaluation and at one year and two years following surgery. Patients with unusual pain or clinically abnormal symptoms had appropriate evaluations as indicated by the specific complaints.
Surgical data reviewed included operative times (skin incision to skin closure), estimated intraoperative blood loss, postoperative or intraoperative rate of blood transfusions, length of hospital stay and discharge disposition. Perioperative complications were defined as any complication arising within 90 days following surgery. All serious postoperative complications that required repeat surgery were recorded prospectively. Thigh pain and groin pain that persisted past six weeks following surgery were also recorded prospectively and monitored. Any serious medical complications such as myocardial infarctions, cerebrovascular events, deep vein thrombosis or pulmonary emboli were likewise reported. Readmissions for any reason were also recorded within 90 days following surgery.
Demographic information for both groups were organized by gender. Descriptive statistics, including means and standard deviations, for all surgical based outcomes were determined for all patients by group. Student t-tests were performed to detect differences between BTHA and unilateral THA surgical variables, with a significance level of p<0.05.
Results
Patients undergoing unilateral THA had significantly lower operating time, shorter length of stay, lower estimated blood loss, lower rate of transfusions and higher rate of home discharge compared to BTHA (p<0.001) ( Table  2) . Complications were present in four unilateral THA patients, three requiring revision, and nine BTHA patients, three requiring revision (Table 3) .
Discussion
Although previous studies have demonstrated the safety and efficacy of BTHA performed through the DAA [4, 17] , the single surgeon design of current study provides uniformity in protocol, technique and surgeon experience, thus providing a more accurate evaluation of perioperative outcomes. In the current study, complications were present in 2.1% of unilateral THA and 2.5% of BTHA, with no perioperative mortalities or systemic complications, to include cardiac or cerebrovascular events, deep vein thrombosis or pulmonary embolism. 
BMI = body mass index; ASA = American society of Anesthesiologist physical status classification; ORT = operating room time in minutes; LOS = length of stay in days
In addition to being a large, single surgeon cohort, the inclusion criteria for this study was widely inclusive and single-stage DAA BTHA was offered to all patients with bilateral involvement regardless of age or comorbidities. This is different than previous studies, in which patients were excluded from single stage bilateral consideration based on age, preoperative anemia, pulmonary disease, renal disease and history of cardiac events [4, [12] [13] [14] 18 ]. In the current study, patients experiencing a complication did not represent the extremes in age, BMI or ASA category, challenging the concern inferred by previous studies that patients in these categories should be excluded from onestage BTHA.
All surgical outcome measures were significantly different between unilateral THA and BTHA, as expected. Operating time for BTHA patients was approximately 85 minutes per hip compared to 75 minutes for unilateral THA, with the extra time most likely due to the redrapping of the patient. Length of stay was statistically significantly longer for BTHA than unilateral THA but clinically insignificant, and more unilateral THAs were discharged directly home, highlighting the increased short term functional limitations expected in the BTHA patients. Remarkably, nearly 70% of single stage DAA BTHA patients were able to discharge directly home after an average hospital stay of only 2.6 days.
There were a number of limitations in the current study.
First, this was a retrospective evaluation of two surgial procedures. However, all procedures were performed by the same surgeon with the same standard of care protocol for each patient, limiting the influence of surgical technique and protocol on the outcomes. Additoinally, patients were not excluded from the study based on commorbidities, therefore, eliminating the patient selection as a potential bias in the results. Secondly, no long term follow up or patient outcome measures were collected in this study so no conclusion can be made about function or patient satisfaction following surgery. However, the purpose of this study was to descibe only perioperative complications occuring during the two procedures, determining if the single-stage BTHA was a safe option of patients with bilateral symptoms.
Conclusion
In this retrospective comparison, perioperative complications were present four unilateral THA patients, three requiring revision, and nine BTHA patients, three requiring revision, within 90 days following surgery. As expected, unilateral THA patients had significantly lower operating time, shorter length of stay, lower estimated blood loss, lower rate of transfusions and higher rate of home discharge compared to BTHA. Uniquely different than previ- ous research, exclusion criteria did not differ between the unilateral THA and BTHA groups. All patients with bilateral hip arthritis were offered single stage BTHA regardless of age or comorbidities. This is the first study to report a complication comparison in a large cohort of patients undergoing BTHA via the DAA by a single surgeon, without excluding patients of advanced age or presence of co-morbidities. Based on these results, single-stage DAA BTHA is a safe procedure to perform, and did not appear to result in higher rates of complications when compared to patients receiving a DAA unilateral THA.
